However, no study has been conducted to determine the effect of feed-ing a diet containing various levels and forms of magnesium on aortic sudanophilia of rats over a longer time.
In the present study, the effects of various levels of dietary magnesium, Mg-K-Aspartate and glycyrrhizin which was known to have a decreasing effect on serum cholesterol and on the cholesterol-induced atheromatosis of rats were investigated over a relatively longer period (138 days).
METHODS
Young growing male albino rats (Donryu-Strain) weighing approximately 50Gm, were obtained from the Central Supply for Experimental Animals (Zikken Dobutsu Kenkyusho: Tokyo) and were divided into 7 groups. effect on growth and the amount of food consumed. During the course of experiment, from 110th day to 124th day, the amount of distilled water consumed by rats was measured in rats of groups I and II. The average volume of distilled water (ml.) consumed during 7 days per body wight (Gm.) was 0.68 and 0.57 for groups I and II respectively. This difference was statistically significant (P<0.02). In another word, rat fed a magnesium deficient diet consumed more distilled water. Effects on lipids of serum and liver Serum cholesterol levels in the rats fed the basal synthetic diet averaged approximately 81mg.%. The values of cholesterol and glycerol of serum of rats of group I was significantly higher than those of other groups.
The rats fed a magnesium deficient diet (group I) had a relatively large liver (as a percentage of body weight) and possibly a slightly higher concentration of cholesterol than that in other groups. The rats fed a diet containing Mg-K-Aspartate showed a lower concentration of glycerol and phosphorus of serum and possibly higher concentration of both in the liver. Glycyrrhizin at a concentration of 20mg.per 100Gm. of diet had decreasing effects on weight of the liver, concentration of cholesterol and glycerol of serum, and an increasing effect on concentration of phosphorus of the liver. The administration of glycyrrhizin at a concentration of 2mg.per 100Gm. of diet, increased the contents of glycerol and phosphorus in the liver, and decreased the glycerol in serum.
Effects on atheromatosis Compared with rabbits, rats showed a strong resistance toward hypercholesterolemia and sudanophilia of the aorta. In the present experiment, only rats fed a low magnesium diet (group I) showed a distinct sudanophilia of the aorta and heart valves. No comparison of the grade of macroscopic sudanophilia of aorta and heart valves among other groups could be performed.
Effects on other constituents of serum and tissue measurements In rats fed a magnesium deficient diet (group I), there was a significant decrease of magnesium concentration in serum and kidney, and significant increases of weight of the spleen and concentration of calcium in the kidney. The concentration of calcium of the kidney from the control rats (group VII) was significantly increased compared with that in group III. This finding was parallel with the histological demonstration of the tubular calcification as shown in Fig 3b. Rats receiving a diet containing 20mg. of glycyrrhizin (group VI) showed an increase of calcium and magnesium in the myocardium, and a slight decrease of magnesium in serum and kidney. It appeared that the content of magnesium in the myocardium increased by adding Mg-KAspartate in a diet (group IV). 
Histological evaluations
The ascending aorta showed several layers of foam cells in the subendothelial space of the aorta and fragmentation of elastic fibers in 1 out of 12 rats fed a magnesium deficient diet (group I) (Fig.1 ). Histiocytes accumulation with loose connective tissue proliferation and fragmentation of elastic fibers were seen in media of ascending aorta in one of rats fed a magnesium deficient diet. Microscopic examination showed no connective tissue proliferation in Fig. 2 . Aortic valve of a rat (group II). Cartilage-like tissue was noted in the annulus fibrosus. Hematoxylin and eosin (high magnification). sudanophilic lesions. No definite plaque formation in the aorta was noted in other groups of rats. Calcification of media of the pulmonary artery was seen microscopically in 8 out of 12 rats (8/12) (group I), 9/14 (group II), 4/9 (group III), 1/11 (group IV), 3/9 (group V), 2/9 (group VI), 2/9 (group VII) respectively. The calcification of the myocardium was found in 6 of 12 rats of group I and in some of them interstitial inflammatory infiltration was noted. The myocardial calcification was also observed in 1 out of 6 rats of group VII. Most of the animals showed calcium deposits in the cartilage of the tracheo-bronchial tree regardless of the dietary conditions. In some of the rats, regardless of the dietary conditions, cartilage like tissue was seen in the annulus fibrosus (Fig.2) . In general, rats on long-term experiment, vacuolization of the cortical cells in the adrenals appeared to be conspicuous compared with rats on short-term experiment. Rats fed a magnesium deficient diet (group I) showed enlarged kidneys with a marked deposition of calcium in the tubular lumens (Fig.3a) . The calcium deposition of kidney was seen Fig.3a .
Kidney of a rat on a magnesium-deficient diet containing cholesterol (group I). Calcium deposition within the urinary tubules mainly of the outer zone of the medulla. The moderate tubular dilatation was also present. Hematoxylin and eosin (high magnification). in control rats (group VII) (Fig.3b) , but not in rats fed a high dietary magnesium (group III) (Fig.3c) . It appeared that rat received a diet containing 20mg. of glycyrrhizin (group VI) showed a relatively small amount of calcium deposition in the kidney microscopically. However no significant difference in amount of calcium in kidney measured chemically, was noted between group II and VI.
DISCUSSION
Very few experiments have been performed concerning the effect of feeding a magnesium deficient diet upon serum cholesterol of rat as a long-term experiment. In short-term experiments (3 weeks) of rats and in long-term experiment (100 to 175 days) of dogs, magnesium deficiency was without any apparent effect on the level of serum cholesterol.2),7) However, Kruse, et al.15) demonstrated the presence of normal fat, high total cholesterol, high cholesterol esters and low fatty acids as the typical changes of blood lipids during magnesium deprivation in dogs. In the present experiment, rats fed a diet containing 3mg. magnesium, 1Gm. cholesterol and 0.3Gm. cholic acid per 100 Gm. of diet for 138 days, had increased serum cholesterol concentration compared with rats fed a diet containing 24mg. and/or 192mg. of magnesium and the same amount of cholesterol and cholic acid. Similar results were obtained in monkey (Cebus fatuella).6) There are various factors that might give rise to a hypercholesterolemia: these are anhydremia, alimentary increased absorption of cholesterol, partial fasting, failure of kidney function and of biliary tract etc. In the present study, rats fed a atherogenic diet containing a little amount of magnesium, showed increases of cholesterol, total glycerol and lipid-phosphorus in serum and also an increase of cholesterol in liver. The ratio of cholesterol concentration to lipid-phosphorus in liver, was 139, 136, 118, 120, 126, 120, 6 in group I through VII respectively in this order. It is well known that phospholipid is a main component of lipids of cell structure and substance maintaining cholesterol in soluble condition. It seems probable that rats fed a magnesium poor diet had a disturbance in excreting cholesterol into bile duct resulting an accumulation of cholesterol in liver and hypercholesterolemia. Further study is required to elucidate the mechanism of hypercholesterolemia and also the blood lipids must be determined serially instead of a single determination taken at an arbitrary time. Concerning the correlation between serum magnesium and cholesterol in humans, some investigators found a significant inverse relationship, and others failed to show such a correlation.16)-19) It has been suggested that the marked fragmentation of the elastic fibers in media accompanying the appearance of lipid-laden cells in the intima and media of rats will be a predisposing factor for the enhanced sudanophilia of aorta of animals fed a magnesium deficient diet.6),7), 13) We found that there is an increased uptake of cholesterol-4-C14 by aorta from the blood in magnesium deficient rabbit.5),20) However, as shown in the present long period experiment, we observed a hyperlipidemia in rats receiving a magnesium deficient diet, and it still remains to be ascertained that indeed, the changes of aorta itself is more important in predisposing to atherosclerosis of animals fed a magnesium deficient diet than hyperlipidemia and an increased weight of liver and spleen.
As the renal abnormalities associated with experimental magnesium deficiency in rats medullary calcification is a constant finding.1),2),13),21) In the present study, rats fed a diet containing 24mg. magnesium per 100Gm. of diet without cholesterol and cholic acid, showed a remarkable calcium deposition and an increase of calcium concentration of kidney. This suggests that as a minimum requirement of dietary magnesium for rats particularly at low protein intake, 24mg. may not be sufficient although rats fed a diet containing 24mg. grew maximum. In a different experiment, 22) we observed that about one-half of the amount of magnesium in bone was lost in rats fed a magnesium-poor diet (12 to 6mg. of Mg/100Gm. of diet in a form of MgO) and this loss was not prevented by feeding a diet containing same amount of magnesium but in a form of Mg-Aspartate. In that experiment, the growth of animals fed these magnesium-poor diets either in a form of MgO or of MgAspartate, continued at a normal rate until the final stage of 2 months-experiment, but had a slightly increased level of calcium in the kidney of rats fed a magnesium poor diet.22) From these observations, it is suggested that the normal rate of growth is not necessarily a sufficient index for the well nourished condition, particularly in the slight nutritional deficiency.
During at least a part of the period of experiment, animals fed a mag-Jap. Heart J. September, 1966 nesium deficient diet (group I) took more distilled water than animals fed a diet containing 24 mg.% magnesium and the same amount of cholesterol and cholic acid. In another word, polydypsia was noted in rats receiving a magnesium deficient diet. DaVanzo, et al. reported that plasma magnesium definitely tends to parallel the behavior of K rather than Na in the adrenalectomized dogs receiving various types of steroid hormones.23) Hanna and McIntyre reported the profound negative effects of aldosterone on magnesiumbalance.24) It has been reported that primary aldosteronism is associated with a negative magnesium balance.25) An increase in muscle and plasma magnesium of adrenalectomized rats was reported.26) In the present study, no change of weight of adrenals of rats fed a magnesium deficient diet, was noted.
In the present study, rats fed a diet containing glycyrrhizin (group V and VI), showed an increase of magnesium concentration of myocardium and a slight decrease of magnesium concentration of plasma. These findings may suggest that glycyrrhizin may have an effect of distribution of magnesium. It has been believed that glycyrrhizin had a stimulating action on pituitaryadrenal system27),28) and glycyrrhetinic acid which is a main component of glycyrrhizin, possesses hydro-cortisone like activity.29) Groen, et al. were successful in maintaining several patients with Addison's disease with glycyrrhetinic acid,30) while other authors reported the negative clinical and animal experimental results.31),32) In the present experiment, the hypocholesterolemic effects of glycyrrhizin were demonstrated only in rats of group VI. Rats receiving glycyrrhizin showed an increase of glycerol and phosphorus in lipid fraction of liver, with somewhat decrease of weight of liver, but no increase of cholesterol of liver. This may suggest that phospholipid is relatively increased in liver of rats receiving a glycyrrhizin or Mg-K-Aspartate and that glycyrrhizin and probably Mg-K-Aspartate may be beneficial in maintaining cholesterol metabolism in liver. However, further analyses of triglycerides in serum and liver are required. Donomae 
